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PREFACE

This report is a summary of the results of all studies con-
ducted under Contract DA 19-129-AMC-582(N) between the University
of Texas and the U.S. Army Natick Laboratories. In addition, a
list of suggestions is given for guidance of designers of military
vehicles which must be rugged enough fecr airdrop.

The report consists of four sections as follows
1. High Velocity Drops
2. Paper Honeycomb Evaluation Studies
3. Analytical Studies
4. Suggestions for Design Improvement
Engineering Mechanics kesearch Laboratory personnel who
have contributed significantly to this work include W.L. Guyton,
David Wiederanders and Garland Spretz. Helpful suggestions and
constructive criticism have come from Edward J. Giebutowski and

Harry Freeman of the U, S. Army Natick Laboratories.

To all of these individuals for their contributions, and to
the Natick Laboratories for continued support of this research,
we express our gratitude.

E. A. Ripperger

Director

Fngineering Mechanics Research Laboratory
The University of Texas

Austin, Texas

August 31, 1967
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ABSTRACT

Results of all investigations undertaken under Contract
DA 19-129-AMC-582(N)} are summarized. This includes (1) studies
of high velocity airdrops of M37 3/4-ton truck, M10l 3/4-ton
trailer, and M2Al 105mm Howitzer, (2) development of a "drive-
off" cushioning system for the 3/4-ton truck, (3) comparative
study o paper honeycomb testing technigues in use at the U.S.
Army Natick Labcratories and at the University of Texas, (4)
development ¢f a simple, quick honeycomb tester, and (5) analytical
studies of the response of vehicles to ground impact.

In addition, rules of thumb for the guidance cof designers

of vehicles which may be airdropped are listed, and suggestions
for improvements in the designs of specific vehicles are given.
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HIGH VELOCITY DROPS

Twenty-£five feet per seccnd has been the nominal impact
velocity for design computations for cushioning systems for air-

drop of equipment and supplies for several years. There are
certain advantages, however, toc be gained by using a higher im-
pact velocity. HNot the least of these is economy. It has been

shown that an appreciable econcmy can be eiffected by using more
paper honeycomb to dissipate energy at impact and fewer, or

smaller parachutes to retard the drop. The breakover point de-
pends upon the relative ccsts of cushioning material and parachutes.
Turnbow and Steyer* have shown with cost data available in 1955

that the optimum impact velocity is between 30 and 100 fps. OCther
advantages include a reduction in dispersion of dropped material,
increaseced accuracy insofar as hitting the target area 1s con-
cerned, ana reduced time in the air.

In recognition of the advantages which may be realized,
studies were initiated under Contract DA 15-129-QM1383 and con-
tinued under Contract DA 19-129-AMC-582(N) to investigate the
practical problems of cushioning vehicles against high impact
velocities, to discover what, if any, hidden problems may exist,
to determine maximum practical impact velocities and design
accelerations.

Primary objectives have been to

1. vwverify that vehicles can be dropped successfully
at impact velocities as high as 50 fps

2. determine the design acceleration which should be
ascd

3. work out essential details of a prototype cushioning

«

system

4. observe the damage susceptibility of vebicles used
in the studies.

Four vehicles were included in the program. One of these,
the M151 (jeep) was invesgigated and reported upon during the

. . * . p
previous contract period. The other three include the M37,3/4-

* Turnbow, J.W. and C.{. Steyer, (Cusnioning for dir Lrop,

Part 77, Air drop (Cosi Analysiz, Structural Mechanics Research
Laboratory, The University of Texas, Austin, 1955,

**  Watson, Hal Jr., Grownd Impact Sihoek Mitigation MLSL Utility
Veldele (Jeep ), SMRL RM 12, Structural Mechanics Resecarch Laboratory,
Th-: University of Texas, December 1964.
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ton truck, the M101, 3/4-ton carge trailer, and the MZAl, 105mm
Hewitzer,

Results of studies of these vehicles are reported in detail
in

Ground Impact Shoex Mitigation Cargo Truek, 3/4-Ton
M37, EMRL TR 1011, December 1966.

Ground lmpact Shoek Mitigation Cargo Prailer MiOl
e bey 3

8/4-Torn, EMRL TR 1025, July 1967

Crowund impact Shocek Mitigation HKowitzer tJomm MZAI,
EMRL TR 1020, July 1967

These results are briefly summarized as follows.

gg] Truck

This vehicle was dropped a total of eight times at impact
velocities ranging from 24 to 54.1 fps. Design accelerations
ranged from 18.5 to 30g.

As a result of these drops, 1t was concluded thnat

1. This vehicle can be dropped to land at an impact
velocity of 50 fps using essentially the same techniques ased
for dropping at 25 fps.

2. A design acceleration of 30g provides adequate
protection for the wvechicle at the highest impact velocity. This
acceleration should be used even at low velocity drops to reduce
the required stack heights to a minimum.

The vehicle was still operational after these drops, but some
minor damage had been inflicted. There were indications, however,
that nmore serious difficulties could develop; difficulties that
would make the vehicle inoperatioconal.

Problems most often occurred around the front motor mount
and crankshaft pulley. Any permanent vertical movement of the
motor on 1ts lubbexr shocxk mounts in excess of 1/8-in., or any
permanent axial movement cf the motor in excess of 3/32-in.
causes interference betwcen the crankshaft pulley or the grease
shield on the crankshatt and the front supporting yoke. This
would not render the vehicle inoperable, but the noise it pro-
duced would probably cause a good deal of hesitaticn dn the usc
of the vehicle before the damage could be assessed. More clearance
and stronger frame members around the motor would take care of
this problem. Also, a rugged system for limiting axial motion of




the motor should be providead.

The bed of the truck appears to be easily deformed by the
1500 1lb. dead load carried during the drops. A loadspreader or
pallet should be provided in the bed of the truck during actual
drops if the bed 1s not made more rugged.

2tlier areas in which damage was observed were the left mount
of the gear-reducer housing and the front and rear drive shafts.
Damage to the drive shafts was caused by the loadspreaders during
impact after rebound. This type of damage was prevented in later
drops by modifving the loadspreader. The supports for the gear
reducer heousing neced to be made more rugged. The frame is rather
easily bent just behina the cab if cushioning is not properly
distributed.

One potentially serwous difficulty observed was clcsure of
the contact points in the voltage regulator. This connected
the generator to the battery and since the generator was not
running, it acted as a dead short across the battery. The
heavy current drawn welded the contact points together and only
guick action kept the battery from being completely discharged.

Suggested design procedures to eliminate or minimize these
difficulties will be listed later.

M101, 3/4~ton Cargo Tralier

This vehicle was 1included in the test program because it 1is
representative of a class of non-powered vehicles used in large
nunpvers by the Army. The trailer was dropped five times at impact
velocities ranging from 25 vo 55 ips, Design accelerations varied
from 20 to 30g.

It was concluded that

1. the M101 trailer can he saiely dropped at impact
velocities as high as 50 £ps using essentilally the same technigues
cmployed for dropping at 25 fps.

2. a 30g design acceleratiorn provides adequate pro-
tection for the vehicle and should be used even at lower impact
velocities to reduce the regquired stack heights and to give
additional stab:lity to the cushioning systcm.

Damage done to the vehicle during this test program is
listed as fellows

1. The heads of scveral of the bolts which hold the
bed to the fraime were broken oft.




2. The bed of the vehicle was bent slightly.

3. One of the shock absorbers was bent when it came
down on a cushioning stack during the rebound phase.

To minimize or eliminate these failures, the following steps
should pe taken.

1. Redesign the tie down bolts to eliminate the extreme
stress concentration which develops at the point where the head
of the bolt joins the body. In the present design, there is a
very sharp reentrant corner at that point. In addition to the
modification of the bolt, the tie down system should be redesianed
to eliminate the unsymmetrical clip arrangement which causes a large
bending moment to bhe applied to the bolts.

2. Make the floor of the bed of the vehicle more
rugged. This can best be done by a coumbination ¢f more stiffeners
and heavier gauge metal in the bed itself. If the vehicle could
be designed so as to allow cushioning tc be placed directly {
against the underside of the bed, no additiocnal ruggedness in
the bed itself would ke required. In any event, if the trailer
15 loaded when dropped, the load should be palletized.

3. The shock absorber difficulty was eliminated by
a slight change 1n position of the rear cushioning stack.

It was noted 1n these drops tnat 1f the center of gravity
of the load 1s not diractly over the center of the platform
(which 1is also the location of the resultant of the drag forces)
a turning moment 1s applied to the vehicle during its fall and
this moment 1is sufficient to cause appreciable rotation of the
nlatform. Impact with the platform and venhicle in a tilted
attitude 1s likely to be more severe than a planc or neariy
plane impact.

M2A1l 105mm llowltzer

This weapon was included in the high velocity drop program
because 1t is a typical unsprung vehiicle with a high concentration
of mass. Also, 1t 1¢ highly essential that this wcapon ke
capable of successful airdrop. Impact velocitcies in the test
series ranged from 25 to 54 fps and design accelerations were !
20 and 30g. ‘
Tt was concluded that thils weapon can be safely dropped at

in excess of 50 fps using essentially the

(&
impact velocities in
sanc techniques used for 25 fps drops. A design acceleration of




30g provides adequate protection for the vehicle but there 1is
some indication that the vehicle is sufficientl' rugged to with-
stand a 40g accecler:tion.

The howitzer was not damaged in any detectable way by this
test program. It was noted, however, that when tire pressures
are unegual, the vehicle has a tendency to rebournd with a
rotational motion around the fore and aft horizontal axis, If
tire pressures are egual, this does not occur.

Measured average accelerations appear to agree a little
more closely with design accelerations for the unsprung 105mm
howitzer than for the sprung vehicles. This is consistenrnt with
the thought that the flexibility of a vehicle provides some
shock mitigation for the interior parts. The evidence 1s not
extensive enough to warrant any firm conclusions, however.

DRIVE OFF STUDIES

In past operations, airdropped vehicles have heen roiked,
or pushed off the cushlioning system by manpower or by using one
vehicle freed in that manner to pull other vebicles nff their
cushicons. It would speed up deployment if the driver of a
vehicle could simply cast off the tie down straps, get in the
vehicle, and drive away. The problem of providing this capability
is complicate« by the variaticons which occur in the impact
velocity. A range from 15 to 20 fps has been reported.

In addation, i1t 1s desirable to be able tc drive a vehicle
cff ©f its cushioning system cven though it has net been dropped.
This capability would make 1t possiblc to rerove vehicles from
cushioning systems in forward areas where aux.lliary lifting
equipment may not be availakle.

A study was made of the drive-cff problem using the M37
3/4-ton truck as the vehicle. Eiaght drops were made at velocities
which ranged from 15 to 28 fps and with design accelerations
which renged from 17.% to 30g. Onec drop was made with the
truck rolled 15 degrees about the longitudinal axis. Another

rop was made with the truck pitched 8 degrees about the
transverse axis. This was the samc truck that had previously
been dropped 8 times at impact velocities as high as %4 fps.
A satisfactory drive off capakility was achieved by uwsing 17.5g
as the design acceleration and 9 cushiuning stacws as shown in
¥Yig. 1 and Table 1. 1In addition to these cushior ing stacks,

a ramp system of paper honeycombs, as shown in Fig 7 was included
to provide the drive-off capability. With this .woning arrange-
ment, thie ftruck was droppz2d from 10 fecoet (inpoct vorocity = 25
fos) with a tilt of 8 deyrcees abeul the transverse axis, and
agaxn from 3.5 feet (1mpact velocity = 15 fps) with no tilt., In

PRIV WROTE RS

L

PO 1 SOV GO IURGPY: OO I T IGO0 T O W WOUIY T RYRTTION B T TR T

i i

¢ e 2t

e et iasssatdetabiad

PRI

S S D




s4204S Bujysniy m
4epoaidspoo 7/

(pepo0T) 9D © sucisuswI] ¥2c;5 101 1 8|qcl 93S :JLON
JIQWAN BWDJ] SSOID J08Y W04} PBINSDBW SUOISUBWLN] IIV—
Nera >
~ A -
Rerd
< :qm
- .06 -
_
]
] 1 N
\. { |
T F== —
1 L .
= oy S eI
77 )r\ \J\ —r e poseadiatovece ._
\\K 4 wu_ : F=ES) m-lu;'.
. m ~ + b “”m -
= _l.ﬂuh;_vl E 2 b3 @
[E=trecasmss SpmREn]
_U.w e —— S .?_




TABLLE 1 E
Lrops M37-11 through 195 _
Position Stack Arca Limension Height ,
(Sce Diagram) WL
A 2.64 f£°  1.76'-1.5' 6 in.
A, 3,26 £t 0.9'-3.62' ¢ "
n, 1.25 £¢2 1.10.1.140 6 v
f.4. ({ront di{f~rential) 1.37 £t 1,37'-1.,0 & "
g.r. (gcar rcducer) 0,85 ftz 0.92'-0.92" c "
Tr (transmission) 0.57 ftd 0.85'-0.85" ¢ "
r.d. (rear diffcrential) 1.37 ft4  1.i7'-1.17" 6 "
Tocal Height including Crushing Stacss = LY-1/2 inches g
NOTE: Tlere weze no wheel stacks, However, they were cushioned

NOTE ¢

by the ramp sysgtem as scen in l'ig. 2,

MIT7-10 uviag r\\'.dn- uc\'n.w t hree camee ot aob vy ] anomend ace oheyrr
e imat WdaE made Slihyg oo same oracys placoement ag one
in ¥Fig. 1, however, the stack arcas were larger to

provide for a 20g design acceleration,
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2ach case. i1t was successfully driven off the cushioning after
the impact. It was also placed on the cushioning system and then
driven off without a drop heing made to show that the vehicle
could be removed from the cushioning without special eguipment

in case & missior had to be aborted.

During this program of drops, some serious damage was done
to the truck. The left rear engine support was broken off the
housing. As a conseqguence, the truck cnuld not be put in gear
ana drivern off the platform. After the truck was repaired,
the drop which produced the failur= was repeated. No failure
occurred. So it is corcluded that the failure was not caused
by orie drop alone, but was a cumulative effect from the 12 pre-
vious drops of the vehicle,

Complete details of this investigation may be found in
the report entitled

' Syetenm
7, EMRL TR 1028,

Cround Impaczt Shook Mitigatiow, rive-0
bevelopment, Jargo Iruck, &/4¢-Ton ME

August 1967,

>
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PAPER HONEYCOMB EVALUATION STUDIES

Military specificaticns for paper honeyccmb tc be used as
cushioning material have in the past been based on the assumption
that if paper weight, cell geometry, and glue line details are
specified, the material will have the desired strength and
energy dissipation capakility. Wide variations were found,
however, in these characteristics for materials which met all
the specifications. This situation suggested that specifications
should be based on reguired crushing strength and energy dissi-
pation, This would in turn reguirec some form of acceptance
testing. The Engincering Mechanics Resecarch Laboratory at the
University of Texas and the U.S. Army Natick Laboratories were
designated as acceptable testing organizations. Since the
technigues employed by these two laboratories differ somewhat
and both techniques have a subjective 2lement in the intecpre-
tation of results, an extensive program of comparison between
the two technigues was undertaken. The data used for comparative
evaluation were obtained from parallel test programs conducted
by the two facilities. TFour 12 - 18 inch (2 ft“) test samples
cach, were cut at the Natick Laboratories from 3 ft. - 8 ft,
honeycoinb panels selected at random irom a contiactor's shipment.
Two of cach of these sets of 4 were retained at Natick and tested
there. ‘rhe other two were sent to the University cf Texas and
tested there. Results of the Natick tests and the Natick
evaluation of the data were forwarded to the University of Texas.
The primary basis >f comparison and cvaluation is the stress-
strair. curve. Questions arisc becausce the stress and strain are
measured and recorded scparately as functions of time. These
geparete measurements are then combined to form the stress-strain
curve, The natures of the two separate functions of time make
it difficult to combine them in the stress-strain curve with any
precision. 1t has been customdary in both laboratories to
"smooth" the force-time data by "nand fitting" the records. This
i35 equivalent to revlacing the original data with new data from
which the violent oscillatiors typical of the original data have
been removed. A highly subjective procedure such as this is
difficult to defend in an acceptance test particularly if a ship-
ment of cushioning material is being rejected,

In thc study which was made, a more objective "least
squares'" type of smoothinyg or fitting procedure was used, as
well as the "hand smocthing" on Loth scts of data. Results were
then comparced. 1t was found that the results of the two parallel

test programs conlud =2d by the two laboratorices invelved were
not consistent on ¢ sample by sample: comparison. ©On a statisti-
cal average basis, the results were reasonably consistent. It
did nou appear that in any event a maiterial might Le rejected

L' onc laboratory and accepted by the othev. Differences in *he

il
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statistical results are attributable among other things, to the
relatively small statistical samples which were used.

Comparisons between the two sets of data and two different
methods of smoothing are given in terms of average crushing
strengths as follows.

"Least Sguares" Curve Fitting

HONEYCOMB X

EMRL Natick
Mean Values 6272 psf 6530 psf
Standard Deviations 670 " 674 "
HONEYCOMB Y
EMRL Natick
Mean Values 10887 psft 11370 psf
Standard Deviaticons 563 " 1150 "

The mean values are within 4.2% of each other in the Honey-
comb X tests and 10% for Honcycomb Y tests.

“Hand Fitting"”

HONEYCOMB X

IMRL Natick
Mean Values 6272 psf 0223 psf
Standard Deviations 429 " 563 "
HONEYCOMB Y
EMRL Natick
Mcan Values 11383 psf 17185 psf
Standard Deviations 4?29 " 313 "

The mean values here are within 1% for Honeycomb X and
4.2% for Honeycomb Y.

The smaller standard deviations for the "hard fitting"
procedure, as compared to the "least squares" computerized fitting
procedure is attributed to the data analyzer's bui. . i1n tias
toward uniformity of results and his awarcness of res. 'vs he has
already obtained.

Although the results of this investigation indicate that
hand smoothing gives slightly more consistent resulls, the morce
objective "least squarcs" computer method of curve fitting is
rccommended for data rcduction in acceptahce testing. Results
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of this investigation are recported in detail in

T e

PRl - ~ Cay A 1. oA . R D A T 1)~y s -7 a4+ o
Comparative Fraluwarion of Taper liencyeorio Tezt nz,

EMRL TR 1013, March 1967

The techniques invelved in honeycomb testing of the type
referred tou here is toc difficult and the data reduction too
time consuming to be satisfactory for acceptance testing. Thas
is especlally true for manufacturers who might like to do their
own testing in order to more closely control their plant output.
As a consequence of these considerations, the Engineecring Mechanics
Rescarch Laboratory was asked to design and build ¢ prototype
testing device which would overcome as many as possible of the
objections to the technigques in use by the two laboratories, and
would be simple, reliable, and inexpensive., The device which was
built 1s shown in Fig. 3 and is described in detail in an
instructicn manual entitlad

HNynamre Strens-Strain Dwurve Gencravor for Cunhiioning

Maverialc, EMRL RM 1021, May 27, 1967

Earlicr studics of paper honeycomb have shown that ciushing
strength 1s ecssentially independent of impact velocity. Consc-
quently, the tester was designed to give a maximum impact velocity
of 25 {ps since this 15 obtained with a free fall of 10 feet.
For this much free fall, an overall height of about 12 fecet is
required and this height, it was assumed, woula be available in
most fabrication facilities. The specified crushing strength
for paper honeyconb is 6300 + 900 psf. tience, the tester was
designoed to mroduce at least 70% strain in a stack of twe pads,
3 inches thick and 16 - 1B inches in size having that crushing
strength.  All of these limitations in the capability of the
rester made 1t possible to design a very simple device which
gives stress-strain curves directly without the neced of any re-
plotting, or combining of stress-time and strain-time records.
The ragidity of thz impacting mass, which is a 561 1b. solaid
slab of steel, and the columns which guide the fall of thc mass
mrnlmlze the extrancous signals, which mwade reduction of data
obtained by the carlier technigues so difficult, and rvesult in
smooth stress-strain curves such as the one illustrated in FPig, 4.
Detarled working drawings and an irstruction hook for cperation
ol the tester have been forwarded ro the Natick Laboratories.
These materitals are available to arv interested organization,

Results of past studies of the enerygy absorption characteris-
tics of paper honcycomb were summarized in a paper prescented before
the American Socicty of Mechanical Ungincers Design Engsincoering
Conference in “ay 1967. 7This paper has hbeen desianated as €7-
DE-21 by ASME and can be requested from Socicty Headquarters by
that nhumber
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ANALYTICAL STUDIES

No tangible progress has been made during this contract
period in the analytical studies of vehicle response to impul-
sive loading. The general philosophy of the analytical studies
started several years ago has been to analyze the structure
element by element until the action of the entire structure during
impulsive loadiny can be predicted. 1In this vein, the siuple
linear single-degrec-of-freedom system was studied in detail.
This was followed by the ncon-linear single-degree-of-freedom
system and then the simplest multiple~degree-of-freedon system,
the elastic beam was studied. Also an analysis was made of the
response of a spring-mass system with crushable cushioning
material parallelling the spring support. All of these studies
provided useful infermation and an increased understanding of
the way a complex structure reacts to impulsive loading. These
earlier studies stimulated an investigation which was continued
by Mr. Charles Fcrd, Ph.D. Candidate after he left the campus of
the University ancé was finally brought to o conclusion in August
1967 as Mr. Ford's doctcral dissertation, This dissertation is
entitled
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The problem considered 1n the dissertation is the determination
of natural frequencies, mode chapes, steady state and transient
response of systems such as plane frame works, ccntinuous beams
and beams interconnected with lumped parameter systems. Thus, it
represents the most advanced extension ¢f the original philosophy -
the element by element approach. BRefore this dissertation was
completed, an arbitrary lumped parameter system with three and
then with five degrees of freedom was studied. Many computations
were made and many attempts were made to obtain some generalized
results, without success. The analysis bogged down in numbers,
This, e«cept for the dissertation noted above was the state of
affairs so far as analysis is concerned when the present investi-
gation began.

The first action taken uander Contract DA 19-129-AMC-582(N)
was a recchnsideration of this earlier approacin., After considerable
discussion and deliberation by the perscnnel involved, a modifi-
cation of the original approach was formulated. The essential
elements of the modified approach are (1) making full use of
the capabilitics of the high speed digital conputer available
to the laboratory personnel and (2) reprcsentine the vechicle
witn some type of mathematical model of a lumped parameter system.
The first question that arises is how simple, or how complex
should the mode] be. Three possibilitics have been consideread.
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Th.s2 have been called: (1) the "rule of thumb" model, (2) the
"complete model", and (3) the "limited model",

The "rule of thumb" model reguires experience and obscrvation
and vepresents, as might be exvected, a simplified approach that
a designer can use to advantage. It does little, however, toward
giving Jdesigin direction from an optimization point of view.
Nevertheless, design rules developed by this approach are useful
to the designer and will help produce veliicles better suited for
airdrop.

The "complete model" would represent an attempt to simulate
by a lumped parameter system virtually every detail of the
vehicle structure. No doubt such e mcdel could be constructed.
Much of this sort of thing is done in the aircraft and missile
industry. However, the time and effort required to ichicve a
satrsfactory return make this approach impractical at the present
time,

To achieve results of any significance and to keep the
effort within practical bounds, a compromise between the simplest
and vhe most complicated models 1s reguired. A vehicle 1s a
structure made up of concentrated masses connected by flexible
beams. Cushioning technigues are intended to reduce the effects
of the masses on the rest of the structure. The "limited model™
1s based on thils same idea. The medel consists, basically, of
the large lumped masses such as the engine, transmission,
differentials, winches, etc. linked by weightless beans.

Smaller components such as starters and generators which arc
attached with very stiff fittings arc considered as part of the
larger mass to which they are attached. The frame and structural
members are simulated by welghtless, elastic beams with the prope:
stirrness. <Cushioning forces are considered Lo be appliied
directly to the large concentrated masses insofar as possible.
The vehicle 1s divided into several sections, each of which as
consadered as a free body. <Cushioning forces are applied to eanh
section 1n such a way as to make the resultant force pass through
the C.G. of the scction. Eguations of motion are wrattern and
solved using wmatrix techniques and a digital computer. Theoge
solutions would indicate:

l. ll.O app! oximate (‘Uupl 1S LOt\-CQb L]-C assuinca frCC
bOU" aivisions
4

2. Approximate maximum stresses and locations of
these stresses within the structure

3. Expccted acceleraticn levels of the lumped masses

4 The appreoximate magnitudes cf relative displacements
between the masses 1n the structure.

;
i
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To test the model and provide realistic feedback for
orientation of studies acceleration levels of the lumped masses
are measured, ana the coupling forces between the free bodies
are measured with straia gages. 1In some instances, relative
displacements might also be mcasured.

This “limited model" analysis essentially parallels the
method of cushioning design that has evolved through several
years of testing, obkserving and relating drop predictions to
fact. The analytical procedure is a logical extension of the
cushioninyg design procedure (see the appendix of the report -
Ground Impaer Shock Mitigarion, Carge Trucex, &/4-Ton M37, EMRL
TR 1011, December 1966). In turn, the design of military vehicles
- that will be airdropped at some time should Le a logical extansion
: of both. From the concept of dividing the vehicle into sepa:ate
; cushionable free body subsections, with loadspreaders built in
‘ during construction of the vehicle, to the desiyn and placement
of smaller components within the vehicle, the ideas Qdeveloped in -
the program should provide a better basis for designs appropriate -
to the problems encountered in airdrop.

SRR e e

RAUUE . s S SLATITS

Raanth bi i dhalniddum s aded
i




SUGGESTIONS FOR DIFSIGN IMPROVEMENT

Analysces of the type outlined above have not been completed,
Henee, no gquantitative design procedures  can be provided.  idow-
ever, a nunber of rules of thumb basced on oliservations made in
the various drop programs can be suggested.,  First, to put these
obscrvations in proper perspaective, 1t should be cmphasized that
vehicles such as the M37 3/4-ton truck, the M151 Jeep, the M10]
3/d4-ton trailer, in short, all of the military vehicles that have
beer included 1n the aicdrop studles are remarkably rugged. lach
of thesce vehicles has been dropped numerous times, at high impact
velocities, and some at varicus angles of inclination to the
horizontal., Scome maintenance work has been done but cevery vehiele
was uperational when the test program was completed,  The M37
3/4~ton truck, for cxample, was dropped a total of 16 times, and
althougn minor damage was done at tim:z:s, the truck became
inoperative only once., That was on the thirtennth drop when onc
of the motor nounts brore of, This damage s Lelicved to
have been causncd by the cumulative cffects of the previous 12
drops, 1In practisc, few vehicles would cever e dropped more than
once,

1. 1n all of the powered vehlisceles, the primary trouble
arca hag heen arouad the motor. The softness required an the
motur mounts for satisfactory vibration 1solation allews the motor
to move an inch or more relative Lo the frame,  Clearances betweon
the motor and adjacent clements have not always been sutficacent
to avord itnteriercence between the motor and these olements. oo
cxomple, oo wmotor of the M19) Joeep colladed with a frame brade
Loenecath Lthe oid pan and a bolt head 1n this brace punched a hole
in the pan, 1t the rubboer cushicns an Lhe motor mounts arc
made slitfcer, the avesage accelerations and peak accelerations
o! the moter vill tncerease and the mounts will have to Le strength-
encd,  Mgo, 1f the cushions ~re made stiffoer, the vibration
1solation, particularly at Jow motor ePM's will he poorer, Thoere-
fore, 1t 3y recommended that the mounts be unchanged and that all
clements 1n the vicinity of the motor he moved far cnough from
the motor Lo avosd any Interference at the masimum possible motoer
cAcursion. 1 there 1 oa horlvontal compouncent ol velocitly at
smpact, the flexibility of the motory mounts will allow appreciable
horivzontal displacament of the motor relative to the frame,  Amplc
clearance thercture should also be provaded for thos type of dis-
Flacement,

1t was also noted 1o the M37 studices that the front motur
puplor L o was badly Jdesagned o far an aardrop is concerned. The
Bupport s o Jaght stamas - Lhat extends fron one g1de of the
frome Lo thee olhier o The ront end of Lhie crankshiaf U passes
througli o hole 1o tiaos stanpang and the fan belt jualley as on

1y
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onc side of the stamping and the block s on the cother. Clear-
ances vetween these parts are extremely small so that a very
small relative displacement in the axial direction results in
interference. Furthermore, the motor is attached to this brace
above the crankshaft and the noints of attachment to the frame.
This can result in a twisting moment being applied tc the brace
if therc is some axial acceleration of the motor. This can cause
interference and damage as the brace is twisted by the resulting
moment, It is recommended that all supports of this tvpe be
designed so as te minimize bending and twisting moments. A stop
that would limit displacenent in the axial direction would be

a worthwhile addition,

The motor supports have in general been strong enough to
withstand average accelerations as high as 25g. 7The one failure
that occurred was in the housing o which the support bracket
was attached rather than in the Lracket itself. 7This suggests
that these supports are strong cnough f{or impacts controiled
so as to apply the accelerating force uniformly thrcugh all
the supports. lowever, if the impact occurs i1n such a way as
to concentrate all of the force momentar.ly on one or two
supports, failure may occur. Rather than make the supports much
stronger to guard against this eventuality, 1t is more ccnvenient
and morc cconemical toe provide temporary support for the motor.
Nylon strapping is specified for additional motor support durinrg
airdrop of somc vohicles. The installation and removal of
this tcemporary strapping could ke greatly expedited if brackets
are bolted or welded ro the frame for attaching these straps.
Some guide lines should also be painted on the pan to show where
the auxilliary strapping should bear to properly distribute the
load and to take advantage of any stiffcencrs that may be inside
the pan,

(a4

2. Some bending of the gear reducer hcousing support was
noted in the drops of the M37 truck. This was a cumulative damage,
that is, the support was bent o little during cach drep. This
implics that the support is just a little under strength., An
increase of 10% in strength and rigidity would oprobably be
sufficient to prevent any appreciable bending of this sumport,

—

3. Clusing of the voltage regulator poilnts during impact
such as was noted 1n the M37 tests can be prevented by re-
oriyenting the regulator with respect to the direction of thea
impact., It 1s nct the closure itself that causes trouble, it
is the fact that the pouints stick and then discharge the battery
that causes the trouble. Consequently, 1t weuld be preferable
to leave the regulator alone and install a master switch wnich
would discoanect the battery frowm the rest of the electrical
system befere a drop. This would protect the battery against
discharge by any type of malfunctaon in the sysiem, After the
drop and the vehicle 1s ready for drive-off, tne driver simply
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closes the master switch te restore power to the electrical
system.,

4, In both the 3/4-ton truck and the 3/4-ton trailer,
the floor of the bed was bent by *he load of sand bags with which
the vehicles were dropped. This bending has no cffect on the
operational characteristics of the wvehicle, but 1t can be
eliminated by making the flcor out of heavier gauge material or
by tre addition of stiffeners. Anothew alternative, and onc
which is preferable from the standpoint of aivdrop technology,
1€ to provide some load bearing area underneath the vehicle which
allows the cushion reacticen to be applied directly to the bettom
of the bed, rather than through the frame.

5. Avoid stress concentrations, particularly ip high
strength, low ductility materials. This would 1nclude such
things as bolts with sharp changes in cross section. Most of
the outright failures that have been cbscrved occurred in bolts,

6. Avoilid mounrtings in which large moments will be
induced by a dynamic lcading. This means that large masses shouid
not beo supported on cantilever hea:ns, in the middle of plates, or
in the middale »f long beams.

7. Avoild the usc of low ductility matcerials.,

8. Provide uncluttered areas bencath the main masses
to allow for direct cushioning of thesc masses. Vehicles, such
as the M1IS51 Jcep which have all sorts of devices such as shock
absorbers, torsica bars, stceering lainkages, stabilizers, drive
sni¢ s, clutterirg up the nderncath side of the vehicle wmoke
cuchaoning veory <Zrffrcule,  An impeortant design critericn for
vehicles that may be airdropped should be, "how 1z the locakion
and cdesign of 'under the body' parts going tc affoct the cushion-
ing placement for the vehicle". The more clear bearing arca
for cush:ioning that can be provided bencath a vehicle, the casier
+he cushiconing probloem becomes. Such devaices as plarvtes welded or
bolted to the frame at appropriate spots would he very helpfuat.
Vehicle designers should reguest a preliminary cushioning layout.
for the vehicle and a conference with cushioning design specir)ists
before attempting to locate bearing plates for cushioning or to
redesign the underside of & vehicle to make cusnioning casicr.

9., Designers should bear 1n nand that the maximum
possible deflection in a simple undamped spraing-mass system sub-
jected to 9 suddenly applied constant acceleration at the point
of support 1s twice the deflection which a slowly applicd
acceleration of the same amplitude would produce.  Thrs maximum
15 seldom realized bocause true step type accelerations arc seldom
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applied in nature and there is always some damping in the system.
For exawple, if the application of a constant 3{lg acceleration

produces a displacement of one inch., A sudden application of the
same acceleration could produce at most, a momentary two inch
deflection. ©On the cther hand, if the acceleraticn reaches a

maximum value in a time that is onc-fourth the natural period
of the system and the damping is 60% of critical, the maximum
deflecticn will be only about 1.1 inch.

10. Beams carrying no masses can be regarded as lumped-
mass systems with a natural frejuency equal to the fundamental
frequency of the bean.

11. A beam carrying a mass can be regarded as & one
degree-of-freedom spring-mase system with the mass of the beam
neglected if the lmass carried by the beam is 10 times or more
the mass of the beam.
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